Biological invasion represent one of the major threats to global biodiversity as alien species 21 often displace indigenous species. However, knowledge of the mechanisms behind such 22 displacements and the driving factors of the competitive superiority of the alien species still 23 remain rare. In our study we combined analysis of field data and laboratory experiments 24 examining species interactions, to investigate the impact of temperature in the case of the 25 alien freshwater snail Physa acuta that is held responsible for the decline of indigenous snail 26
displacements and the driving factors of the competitive superiority of the alien species still 23 remain rare. In our study we combined analysis of field data and laboratory experiments 24 examining species interactions, to investigate the impact of temperature in the case of the 25 alien freshwater snail Physa acuta that is held responsible for the decline of indigenous snail 26
Physa fontinalis in Europe. From field data, we identified higher temperature as the most 27 important difference between sites populated by alien P. acuta and those where indigenous 28 P. fontinalis occurred. Results of the species interaction experiment conducted at 15, 20, and 29 25 °C confirmed the hypothesis that the competitive superiority of P. acuta over P. fontinalis 30 increases at warmer temperatures. In single species treatments, increasing temperature 31 stimulated both species to grow faster and reach greater shell heights. Coexistence treatments 32 revealed an asymmetric competitive interaction between the two snail species. In both 33 species, the density of conspecifics did not affect snail growth; however, density of 34 heterospecifics affected the growth. At 15 °C, the presence of heterospecifics stimulated the 35 growth of both species, while at higher temperatures the presence of heterospecifics 36 stimulated the growth in P. acuta, but inhibited in P. fontinalis. Our study shows that 37 temperature can be a powerful driver of the outcomes of alien and indigenous species' 38 competition by driving asymmetric interaction. Further our results point up that the 39
Introduction 42
Biological invasion is one of the major threats to global biodiversity (Lövei 1997 , Vitousek 43 et al. 1997 , Dextrase and Mandrak 2006) and invasion rates are particularly high in freshwater 44 (Sala et al. 2000) . In Germany alone, to date, about 120 invertebrate species have invaded 45 freshwater systems, the largest share being molluscs and crustaceans (Strayer 2010 for occurrence of P. acuta, P. fontinalis, and coexistence of both species we calculated a 119 canonical correspondence analysis (CCA). Significance of environmental variables was tested 120 using a forward selection and 999 Monte Carlo permutations under full model conditions. We 121 down-weighted rare site-categories, as their number was unequal. In the model, species 122 occurrence data served as dependent variables with physico-chemical variables acting as
127

Species interaction experiment 128
We established the cultures of both snail species. Specimens of P. acuta were collected in the 129
Fulda River and specimens of P. fontinalis in the Eder River, Germany. In the laboratory, we 130 maintained the snails in 12-liter aquaria with aerated tap water in a controlled environmental 131 room (20 °C, 16:8 light:dark cycle). The cultures were fed ad libitum with commercial fish 132 flakes 3 times a week and we renewed the water of the aquariums once a week. 133
For the experiment, we used neonate snails of both snail species. Neonates were obtained 134 from 10 adults cultured in 500 ml of aerated tap water in 1-liter jars. We also fed these snails 135 ad libitum with commercial fish flakes and renewed the water once a week. We checked these 136 jars every day for egg masses which were removed and incubated in separate jars. Further we 137 checked egg masses daily for neonates. Shell heights of the neonates were measured under the 138 stereomicroscope (Olympus SZX 12; Olympus, Hamburg, Germany) and the neonates were 139 allocated randomly to experimental jars (again, 1-liter jars filled with 500 ml aerated tab 140 water) according to the experimental design (Fig. 1) . 141
This design comprised single-species treatments with different densities as well as 142 coexistence treatments with different densities of both species. Densities of single-species 143 treatments were 5, 10, and 20 snails per jar (hereafter called PA5, PA10, PA20 for treatments 144 using P. acuta and PF5, PF10, PF20 for treatments using P. fontinalis). 
154
We choose these three temperature regimes to represent the water temperature in the snail's 155 habitats during a cool (15 °C) and a hot (20 °C) summer today and during a hot summer day 156 in the future (25 °C). Temperature in each jar was maintained with heating or chilling rods 157 and temperature was controlled every day using a digital hand thermometer. The maximum 158 deviation recorded was ± 1 °C. We conducted the experiment under controlled light 159 conditions (16:8 hours light:dark regime). Throughout the experiment, we measured the shell 160 height weekly under the stereomicroscope and recorded mortality. We replaced dead snails by 161 individuals of the same species, size and age that were marked with nail polish. At the end of 162 the experiment, marked snails were not taken into account within analyses. The experiment 163 was terminated after 5 weeks. The snails in the experiment were fed with a constant foodconcentration of 1 mg commercial fish flakes per snails per day. The water within the 165 experimental jars was renewed weekly after measuring the snail´s shell heights. 166
For statistical analysis, we log(x+1)-transformed the lengths of snails were. To analyze the 167 effect of temperature on species growth rates we used repeated measures analysis of variance 168 (rm-ANOVA) with densities of conspecifics and heterospecifics as additional predictor 169
variables. Rm-AVOVAs were calculated for both species separately. We performed these 170 analyses with STATISTICA 8 (StatSoft, Inc., Tulsa, Oklahoma, USA). To examine the effect 171 of interspecific interaction in relation to temperature, we compared the average final shell 172 heights (day 35) of P. acuta vs. P. fontianlis in single-species (PA10, PF10, PA20, PF20) and 173 coexistance treatments (Co5, Co10) at the three experimental temperatures 15, 20, and 25 °C. 174
To this end, we calculated the differences in the average shell height between P. acuta and 
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Results 181
Field data 182
Analysis of physico-chemical variables at occurrence sites of P. acuta and P. fontinalis 183 showed that temperature was by far the most important variable differentiating between 184 P. acuta, P. fontinalis and coexistance sites (Fig. 2, Table 1 
Species interaction experiment 202
The rm-ANOVA showed for both species a significant effect of temperature (Time*Temp) on 203 their shell height (Table 2 ). Both species were stimulated by increasing temperature, growing 204 faster and reaching bigger shell heights until the end of the experiment (Fig. 3) . Depending on 205 density treatment, P. acuta reached a mean shell heights of about 2200 -4000 µm until the 206 end of the experiment at 15 °C, while at 25 °C the mean shell heights were about 6000 -7500 207
µm (Figs 3 A-F). Compared to P. acuta, P. fontinalis grew less and final mean shell height 208
was depending on treatment about 1700 to 2600 µm at 15 °C and 3200 to 4600 µm at 25 °C 209
(Figs 3 G-L). 210
Beside the temperature effect, we found that the growth of both snails species was influenced 211 by the presence of the other snail species (Term in the rm-ANOVA for P. acuta: Time*PF; 212 for P. fontinalis: Time*PA, Table 2 , Fig. 3 was also stimulated by the presence of alien P. acuta. However, these effects switched at 233 25 °C. Here the growth of P. fontinalis was inhibited in the coexistence-treatments. Especially 234 at 25 °C specimens of P. acuta in the coexistent-treatments (CO5, CO10) grew significantly 235 faster and were up to 1500 µm longer compared to the snails in single-species-treatments 236 (PA5, PA10, PA20). In contrast, P. fontinalis were up to 1400 µm smaller in the coexistent-237 treatments (CO5, CO10) at 25 °C compared to the single-species-treatments (PF5, PF10, 238 PF20). As a result, in the coexistence treatments, the differences in final shell heights between 239 both species increased with increasing temperatures (Fig. 4) . and the driving factors of the competitive superiority of the alien species is still rare. Even 249 though it is often assumed that temperature may be a driving factor in this context, concrete 250 demonstrations of this hypothesis and the underlying mechanism are few. However linking 251 interspecific interaction between alien and indigenous species with environmental conditions 252 as potential driving factors of invasion success is important to predict invasions and the 253 impact of alien on indigenous species assemblage. Therefore in our study we chose a two-step 254 approach combining analysis of field data and species interaction experiments on the species 255 pair P. acuta and P. fontinalis. 256
Using field data we identified temperature as most important differences between the sites 257 where the alien snail P. acuta occurred compared to sites where the indigenous snail 258 P. fontinalis occurred. Sampling sites where P. acuta was found were warmer compared to 259 sites where the indigenous snail P. fontinalis was found and coexistence sites where 
accepted). 262
Furthermore, our findings corroborates the results of previous studies suggesting that 263 temperature is one of the best predictors of the sensitivity of freshwater habitats to alien 264 invertebrate species (Früh et al. 2012a , 2012b , Verbrugge et al. 2012 ). This leads to the 265 assumption that changes in temperature modify the competitive interaction between P. acuta 266 and P. fontinalis and that P. acuta may be able to outcompete indigenous snail species, in this 267 case P. fontinalis, especially at warmer temperatures. This assumption is supported by the 268 findings of our species interaction experiment. 269 Morrison and Hay 2011) may cause asymmetric interactions; however, in our case no 282 resource limitation was intended in the experiment, as all snails were fed with food aliquots 283 equivalent to the total snail density in the treatment. 284
The superiority in growth of P. acuta coexisting with P. fontinalis at high temperatures may, 285 in turn, result in an increase in reproduction. It is already known that P. acuta not only grows 286 faster but also has a higher reproduction output at warmer water temperatures (Brackenbury 287 and Appleton, 1991). Consequently the superiority of P. acuta may not only be due to 288 limitations of the growth of the coexisting species, but also from enhanced feeding, higher 289 conversion efficiencies resulting in increased rates of growth and reproduction. Our findings 290 suggest that P. acuta have an advantage against P. fontinalis, when coexisting especially at 291 relatively warm temperatures. Consequently rising water temperatures induced by 292
Here we focus on the impact of changing environmental conditions on the interaction between 295 alien and indigenous species. This study shows that temperature can be a powerful driver of 296 the outcomes of species competition. We assume that the mechanism we found for our two 297 model species is more broadly applicable to interactions between other alien and indigenous 298 species, since alien species are a non random set of species, overrepresented by mollusks and 299 when predicting and assessing alien species distribution and success or potential impacts on 321 indigenous systems. Thus for example when predicting further distribution of alien species 322 using tools like species distribution models, beside environmental predictors the impact of 323 biotic interaction have to be take into account. 324
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